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Background: This research explores the healthy soldier effect (HSE) – a lower mortality risk among veterans relative
to the general population—in United States (US) veterans deployed in support of operations in Iraq and
Afghanistan (OEF/OIF/OND). While a HSE has been affirmed in other OEF/OIF/OND populations, US veterans of
OEF/OIF/OND have not been systematically studied.
Methods: Using US Department of Veterans Affairs (VA) administrative data, we identified veterans who (1) had
been deployed in support of OEF/OIF/OND between 2002 and 2011 and (2) were enrolled in the VA health care
system. We divided the VA population into VA health care utilizers and non-utilizers. We obtained Department of
Defense (DOD) administrative data on the OEF/OIF/OND population and obtained VA and DOD mortality data
excluding combat deaths from the analyses. Indirect standardization was used to compare VA and DOD cohorts to
the US population using total population at risk to compute the Standardized Mortality Ratio (SMR). A directly
standardized relative risk (DSRR) was calculated to enable comparisons between cohorts. To compare VA enrollee
mortality on military specific characteristics, we used a DOD population standard.
Results: The overall VA SMR of 2.8 (95% Confidence Interval [CI] 2.8-2.9), VA utilizer SMR of 3.2 (95% CI 3.1-3.3), VA
non-utilizer SMR of 0.9 (95% CI 0.8-1.1), and DOD SMR of 1.5 (95% CI 1.4-1.5) provide no evidence of a HSE in any
cohort relative to the US standard population. Relative to DOD, both the total VA population SMR of 2.1 (95% CI
2.0-2.2) and the SMR for VA utilizers of 2.3 (95% CI 2.3-2.4) indicate mortality twice what would be expected given DOD
mortality rates. In contrast, the VA enrollees who had not used clinical services had 40% lower than expected mortality
relative to DOD.
Conclusions: No support was found for the HSE among US veterans of OEF/OIF/OND. These findings may be
attributable to a number of factors including post-deployment risk-taking behavior, an abbreviated follow up period,
and the nature of the OEF/OIF/OND conflict.
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Between 2002 and 2011, more than 4.6 million US service
members were deployed to support Operation Enduring
Freedom (OEF), Operation Iraqi Freedom (OIF), and
Operation New Dawn (OND) (OEF/OIF/OND) activities
[1]. With increasing attention focused on military and
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unless otherwise stated.mental health conditions, as well as recovery from and
readjustment to severe combat injuries, we sought to dis-
cover whether OEF/OIF/OND Veterans were less healthy
and at higher risk for death than their counterparts in the
general US population. Previous research indicates veterans
are generally healthier than their civilian counterparts; how-
ever, this cohort of veterans seemed to be facing unique
problems that might lead to decreased survivability relative
to the general population.
Since World War II, researchers have looked to explain
the lower mortality observed in veterans focusing on the
selection effects of entry standards into the armed forces.al. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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of chronic disease (e.g., healthy soldier effect, HSE) [2,3].
More recently, a healthy warrior effect has been identified
among deployed military members with researchers
noting that good health is a prerequisite for deployment
(e.g., healthy warrior effect).
Research examining the Healthy Worker Effect (HWE)
upon which the HSE is based has found that the effect is
modified by age, sex, length of employment, race, and
occupation. The effect is strongest at youngest ages, but
increasing employment duration increases the effect. In
addition, the effect appears to be strongest for women, [4]
greater for non-whites, [5] and increased for physically
demanding jobs [6].
Quantifying the HSE, Seltzer and Jablon [2] found mor-
tality in a World War II cohort to be 13% to 30% lower
than the general US population but also found that the
mortality gap decreased over time. Kang and colleagues [3]
found that the mortality of Gulf War veterans compared to
military members serving during the same time who were
not deployed to the Persian Gulf was slightly but signifi-
cantly higher. Relative to the US population, however, both
groups had significantly lower mortality, more than half of
what was predicted after adjustment for age, sex, race, and
year of death. The expected mortality advantage of women
compared to men was not consistently observed either in
the comparisons between the two military cohorts or be-
tween the cohorts and the US population. This study and
subsequent studies [7] found that post-deployment mortal-
ity was lower for all-cause deaths but higher for deaths due
to external causes, primarily accidents, although the higher
mortality declined over time [8].
The HSE has been affirmed in military cohorts from
Australia, [9] Norway, [10] and New Zealand [11]. In the
Australian Korean War cohort study, the HSE was found
to persist up to 30 years following service for all-cause
mortality, although the HSE varied by cause of death with
deaths from external causes elevated for up to 30 years. In
Australian Vietnam veterans, the HSE for all-cause mor-
tality lasted more than 30 years, and the excess of deaths
for external causes persisted only up to 10 years. Current
studies on the HSE focused on disability [12,13] and psy-
chological health [14,15] have also found evidence for a
HSE. A 2013 Australian study of OEF/OIF/OND veterans
and a French study of military males serving between
2006–2010 both found all-cause mortality still lower com-
pared to their respective general populations [16,17].
Thus, the research to date supports a HSE in all-cause
mortality; however, the focus has been primarily on veterans
from previous eras or veterans from other countries. No as-
sessment of the HSE has been done in US OEF/OIF/OND
veterans, however. Two characteristics distinguish these vet-
erans from veterans of previous wars. First, after 12 years,
some soldiers are still deployed in combat theaters. Second,medical and technological advances improved survival
from injuries that would have been fatal in previous
conflicts, meaning that many more veterans will be liv-
ing with some type of disability compared to previous war
cohorts. In contrast with OEF/OIF/OND veterans from
other countries and also different from previous conflicts,
US military personnel strength was inadequate to meet
conflict demands. To compensate, the US required more
frequent deployments for longer durations with a heavier
reliance on Guard and Reserve forces who were ill-
prepared for such experiences. These unique character-
istics suggest that the mortality experiences of the US
OEF/OIF/OND cohort may be very different from pre-
vious cohorts.
We therefore undertook this study to explore whether
the mortality experience of OEF/OIF/OND veterans dif-
fered from that of previous veteran cohorts by examining
the ways in which the HSE operates in Veterans Adminis-
tration (VA) enrollees and Department of Defense (DOD)
active duty service members compared to the US popula-
tion. Building upon prior work, we assess mortality differ-
ences between the general US population, 3 VA cohorts
(enrolled in VA health care, with utilization, and without




VA data were extracted from the VA OEF/OIF/OND Ros-
ter file of veterans deployed in support of Afghanistan and
Iraq combat operations since October 2001 and who have
(1) been discharged from active duty, (2) have an existing
relationship with the VA, and (3) have been involved in the
OEF/OIF/OND mission either within or outside of a desig-
nated combat zone [18]. These data were merged with VA
Mini Vital Status mortality data. We also obtained data
from DOD on personnel who had served in support of
OEF/OIF/OND at any point during 2002–2011 from the
Defense Manpower Data Center (DMDC) Reporting
System (DRS). DRS data include all active-duty personnel,
as well as activated National Guard and Reserve forces, all
of whom may still be serving on active duty.
Study population
We first identified individuals from the Roster file who
had contact with the VA health care system at least once
between October 1, 2001 and September 30, 2011 (n =
905,155). Veterans were excluded if they: 1) were <18 years
of age by the end of Fiscal Year (FY)11, 2) had missing age
information, or 3) had deaths determined to be combat-
related. Our final cohort consisted of 899,737 individuals
(see Figure 1). We then divided the cohort into groups
based on VA utilization – those who utilized VA versus
those who had not by the end of FY11, to remove the
Figure 1 Cohort development.
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differences, since veterans who use the VA are known to be
less healthy than those who do not. After describing the full
cohort and examining crude mortality rates, we removed
the Coast Guard from comparisons because their extremely
small numbers made estimates unreliable and unstable.
Our active duty military cohort was obtained from
DRS and consisted of individuals deployed in support of
OEF/OIF/OND from January 2002 through December
2011 (4,614,304 service members). As with VA data, we
excluded persons whose deaths were determined to be
combat-related.
Outcomes
Mortality: For the VA cohort, we identified date of death
using the VA Mini Vital Status file. In some cases, multipleand conflicting VA user records create misclassifications in
mortality ascertainment [19]. We identified probable death
misallocations and reclassified veterans identified as dead
in the Vital Status File to alive if (1) their date of death oc-
curred before their date of birth (N = 14) or (2) they had
health service utilization more than 30 days after reported
death (N = 402). Since VA enrollees were sometimes re-
deployed after initial VA contact, we excluded persons
whose date of death equaled or was less than the last day
of their last military enlistment, since these deaths were
likely due to combat. With these exclusions, deaths
totaled 4,248 for the VA cohort. The total number of
DOD non-combat deaths between January 2002 and
December 2011 was 10,390 (see Figure 1).
Mortality rates for the US were calculated using 2002-
2010 US population (N = 1,853,922,017) and deaths
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tem [20]. US mortality rates were derived by sex, age,
and race/ethnicity for those aged 18-72.
Definition of other demographic characteristics
Demographic data obtained from the VA’s OEF/OIF/OND
Roster file included: age, sex, race/ethnicity, education,
rank, marital status, military service branch, military com-
ponent, and year of military discharge. Similar demo-
graphic data on the DOD population were obtained from
the DRS. Age is reported as the member’s age in 2010 and
has been classified into categories using the PROC RANK
procedure in SAS 9.2 to determine appropriate cut points.
Ethnicity is reported separately from race in DOD data so
comparisons can only be made by ethnicity or by race but
not both.
Analysis
We first described demographic and service-related factors
within each of our cohorts using descriptive statistics. We
then evaluated unadjusted associations between survivors
and those who died using Chi-square tests. Finally, factors
associated with mortality were examined by calculating the
standardized mortality ratio (SMR) to control for the dif-
ferent age structures of the DOD, VA, and US populations.
SMR calculations used indirect standardization [21] be-
cause of unstable mortality data (i.e., small numbers) in
some segments of our study population. We calculated
the SMR in two ways: (1) we applied mortality rates stan-
dardized to US age-, race-, and sex-specific mortality to
the age structure of the VA and DOD populations to get
an expected number of deaths; and (2) we applied mortal-
ity rates standardized to DOD age-, rank-, component-,
and branch-specific mortality to the VA cohorts’ age, rank,
component, and branch structure to get an expected num-
ber of deaths to identify whether mortality differences be-
tween VA and DOD cohorts were due to military-specific
characteristics.
The ratio of actual to expected number of deaths esti-
mated the SMR. An SMR greater than 1 indicates greater
than expected mortality while an SMR less than 1 indicates
lower than expected mortality. Significance was calculated
using the standard error of the SMR where the number
of observed deaths was over 100, written as: √O÷E.
Where the observed number of deaths was less than 100,
the upper and lower limits of the 95% confidence interval
were calculated from the Poisson distribution as: (Poisson
distribution lower limit)/E and (Poisson distribution upper
limit)/E. Because we had limited information on the DOD
cohort, we used population at risk rather than person-time
at risk in our SMR calculations.
Additionally, because we used indirect standardization
to compute the SMR, we cannot directly compare VA
and DOD [22]. Results can only be compared to the USstandard population (approximately 93% civilian) [5,23].
However, we did compute a directly standardized relative
risk (DSRR) [23] using the SMR and the population stand-
ard for each age group to facilitate comparisons between
groups, and we also compared VA cohorts using a DOD
population standard on military-specific characteristics for
which US data are unavailable.
Results
Demographic and service characteristics of our VA
cohorts, as well as our active duty military cohort with ser-
vice between 2002-2011, are shown in Table 1. The DOD
population is younger on average (mean age 27.2) com-
pared to the VA cohorts (mean age 34.2-all VA cohort,
34.4-VA utilizers, and 33.1-VA non-utilizers). Relative to
DOD, VA veterans were more likely to be male, married,
and have some college education. VA data had much more
missing race/ethnicity data compared to DOD. Because
DOD race data include all ethnicities, it is difficult to com-
pare DOD and VA except for Hispanic ethnicity. VA data
indicate that Hispanics are more prevalent in the all-VA
and VA-utilizer cohorts relative to DOD, while the VA
non-utilizers have a slightly smaller proportion of His-
panics relative to DOD. Other notable findings include Na-
tional Guard and Army members being over-represented
in the VA cohorts relative to DOD, while Air Force and
Navy personnel were under-represented.
Table 2 shows the unadjusted mortality rates by demo-
graphic and military service characteristics in each of our
cohorts. The average age at death was higher in the VA
non-clinical population compared to active-duty military
members (35.6 vs. 28.0). Chi-square tests indicated signifi-
cant differences in mortality by age within each cohort,
with the count of deaths highest for those 24 and youn-
ger and lowest for those 25-29 years of age among VA
cohorts, and 24 and younger and 40+ for DOD members.
Crude mortality rates increased with age for all groups
and were higher among men compared to women in all
cohorts. Mortality differed significantly by race/ethnicity,
education, rank, service component, and branch of service
for VA overall, VA utilizers, and DOD, but only rank and
service component were significant for the VA non-
utilizers. Finally, for all variables, the VA total population
and VA utilizers had the highest crude rates. Within
DOD, the unadjusted mortality rates were for persons
with less than high school education while all VA cohorts
had the highest crude rates for the oldest group in the age
category, highlighting the importance of standardization.
In Table 3 comparisons within cohorts can be made
using the SMR while the directly standardized relative risk
(DSRR) allows comparisons across groups. Overall, we
found more deaths among VA veterans overall, VA uti-
lizers, and DOD and fewer deaths among VA non-utilizers
than expected. DOD mortality was 50% higher than the
Table 1 Demographic characteristics: comparison of VA Total Population, VA Utilizers, and DOD OEF/OIF/OND
populations, 2002–2011
Variable Variable Veterans Administration (VA), 2002-2011 Department of
Defense (DOD)VA total population VA utilizers VA non-utilizers
N %/mean (s.d.) N %/mean (s.d.) N %/mean (s.d.) N %/mean (s.d.)
All 899,737 765,029 134,708 4,614,304
Age
<24 499,332 55.5% 421,226 55.0% 78,106 58.0% 2,735,575 59.3%
25-29 100,839 11.2% 85,866 11.2% 14,973 11.1% 602,127 13.0%
30-39 198,579 22.1% 169,845 22.2% 28,734 21.3% 841,902 18.2%
40-72 100,987 11.2% 88,092 11.5% 12,895 9.6% 432,643 9.4%
Missing - - - - - - 2,057 0.0%
Median Age 2002-2010 31.0 31.0 30.0 23.8
Mean Age 2002-2010 34.2 (9.6) 34.4 (9.5) 33.1 (9.7) 27.2 (10.7)
Sex
Female 106,300 11.8% 92,919 12.1% 13,381 9.9% 775,155 16.8%
Male 793,437 88.2% 672,110 87.9% 121,327 90.1% 3,838,932 83.2%
Missing - - - - - - 217 0.0%
Race1
Hispanic 96,100 10.7% 84,830 11.1% 11,270 8.4% 397,942 8.6%
White, Non-Hispanic 546,952 60.8% 465,745 60.9% 81,207 60.3% 3,436,481 74.5%
Black, Non-Hispanic 122,505 13.6% 109,513 14.3% 12,992 9.6% 781,547 16.9%
Other, Non-Hispanic 35,800 4.0% 30,660 4.0% 5,140 3.8% 189,934 4.1%
Unknown 98,380 10.9% 74,281 9.7% 24,099 17.9% 206,342 4.5%
Marital Status
Married 401,489 44.6% 343,400 44.9% 58,089 43.1% 1,511,015 32.7%
Not Married 498,095 55.4% 421,571 55.1% 76,524 56.9% 3,092,140 67.0%
Missing 153 0.0% 58 0.0% 95 0.0% 11,149 0.2%
Education
< High School 13,862 1.50% 10,594 1.4% 3,268 2.4% 63,987 1.4%
High School 664,827 73.90% 572,804 74.9% 92,023 68.3% 3,530,639 76.5%
> High School 209,203 23.30% 171,737 22.4% 37,466 27.8% 879,414 19.1%
Missing 11,845 1.30% 9,894 1.3% 1,951 1.5% 140,264 3.0%
Rank
Enlisted 811,905 90.2% 695,385 90.9% 116,520 86.5% 4,152,416 90.0%
Officer 78,185 8.7% 61,532 8.0% 16,653 12.4% 435,614 9.4%
Warrant Officer 9,647 1.1% 8,112 1.1% 1,535 1.1% 26,274 0.6%
Component of Service
Active Duty 478,304 53.2% 434,618 56.8% 43,686 32.4% 2,925,780 63.4%
National Guard 260,006 28.9% 205,024 26.8% 54,982 40.8% 910,902 19.7%
Reserve 161,427 17.9% 125,387 16.4% 36,040 26.8% 777,622 16.9%
Branch of Service
Army 553,267 61.5% 466,881 61.0% 86,386 64.1% 2,257,184 48.9%
Coast Guard 1,103 10.0% 821 0.1% 282 20.0% 0.0%
Bollinger et al. Population Health Metrics  (2015) 13:8 Page 5 of 12
Table 1 Demographic characteristics: comparison of VA Total Population, VA Utilizers, and DOD OEF/OIF/OND
populations, 2002–2011 (Continued)
Air Force 112,573 12.5% 95,608 12.5% 16,965 12.6% 932,868 20.2%
Marines 116,393 12.9% 102,089 13.3% 14,304 10.6% 560,960 12.2%
Navy 116,401 12.9% 99,630 13.0% 16,771 12.5% 863,292 18.7%
1For DOD, race includes all ethnicities.
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higher, and the mortality of VA utilizers was more than
three times higher. In contrast, mortality for VA non-
utilizers did not differ significantly from the US popula-
tion. Despite the overabundance of men in these cohorts,
the SMR for men and women was similar for each cohort.
We also saw a strongly negative association of mortality
with age; increasing age is associated with lower mortality
relative to the US population. For race and ethnicity, black
non-Hispanic veterans had the lowest mortality for all VA
cohorts, while black service members had the highest mor-
tality in the DOD cohort (SMR 2.3). Across all characteris-
tics, the all VA cohort consistently had DSRR values two to
three times higher than DOD and VA non-utilizers. In
contrast, VA non-utilizers had DSSR values approximately
30% lower than DOD.
Finally, we examined excess mortality in VA cohorts
compared with DOD (Table 4). Consistent with prior
analyses, we found that the overall mortality was two
times higher in the VA-all and VA-utilizer population
and nearly 40% lower in VA non-utilizers than in active
duty personnel. We also observe an SMR twice the
DOD standard for enlisted personnel in the VA-all and
VA-utilizers but 30% lower for the VA non-utilizers. For
Officers and Warrant Officers, this effect size is dimin-
ished relative to DOD. The SMRs are still elevated for
Officers relative to the DOD standard, but the differ-
ences are insignificant for Warrant Officers in both the
VA-all and VA utilizer populations. In contrast, VA non-
utilizers’ SMR values also strengthen for Officers and
Warrant Officers but in the opposite direction. Mortality
in this cohort is 70% lower for Officers and 86% lower
for Warrant Officers relative to DOD.
Both Guard and Reserve have SMR values three to four
times higher than the DOD standard for the VA-all and
VA-utilizers, but VA non-utilizers have non-significant dif-
ferences in SMR values. Army and Air Force personnel in
the VA-all and VA-utilizer cohorts had SMR values twice
the DOD standard, with SMRs for the Marines and Navy
approaching that value in the VA-all and for Marines
only in the VA-utilizer cohort. The SMR value for Navy
personnel was twice that of the DOD standard in the VA-
utilizer cohort. In contrast, the VA non-utilizer cohort had
insignificant SMR values for Air Force and SMR values
48% to 35% lower than the DOD standard for the other
services. Similar to SMR values, DSRR values are largest inVA-utilizers and lowest in VA non-utilizers. There really
were no substantial differences between SMR values and
DSRR values, and the changes that did arise in DSRR to
compare across cohorts did not change the direction of
any of the relationships.
Discussion
While several studies have linked military service to a
HSE, [9,13,24-26] to our knowledge, none of them have
assessed the HSE in US OEF/OIF/OND veterans. Our
results find no evidence of HSE in veterans of Iraq and
Afghanistan and suggest that this cohort of US veterans
have either equivalent or higher than expected mortality
compared to the general US population.
Veteran cohorts have generally had better survival rates
than the population at large due primarily to higher fitness
standards required for entry to the military and ready ac-
cess to routine medical care. However, we find that there
has been deterioration in the military mortality advantage
for active duty members. This deterioration is less visible
in those who enroll in the VA health care system but who
had not sought care by 2011, in contrast to being more
visible in the VA-utilizers. Projections by the VA show
a greater reliance by OEF/OIF/OND on VA, with an in-
crease of 36% in outpatient visits expected for this veteran
cohort [27]. This projection is supported by our findings
of much higher mortality among the VA-utilizer cohort
than DOD, suggesting that selection of VA care, especially
at younger ages, was associated with a higher illness bur-
den than in the non-utilizing VA cohort.
Whereas the literature indicates that HWE and HSE
should be strongest at the youngest ages, we found a nega-
tive mortality-age gradient. Mortality relative to the US
population was higher in the youngest veterans and lowest
in the oldest veterans. In the non-utilizing VA group, these
differences were statistically significant only at the ex-
tremes of age where in VA-utilizers all ages were signifi-
cantly different from the US standard. Since increased age
is associated with increased length of military service, the
lower mortality in the oldest ages suggests evidence of
a Healthy Soldier Survivor Effect (HSSE) – increased time
in military service may be providing beneficial health
effects. Higher than expected mortality at the youngest
ages parallels the association between shorter duration of
employment and elevated mortality in HWE studies of
the chemical industry [28]. Additionally, evidence suggests
Table 2 VA and DOD unadjusted mortality rates by demographic and military service characteristics in OEF/OIF/OND Veterans, 2002-2011
























1,000Alive Deceased Alive Deceased Alive Deceased Alive Deceased
All 895,489 4,248 4.72 760,974 4055 5.30 134,515 193 1.43 4,603,914 10,390 2.26
Age <0.0001 <0.0001 <0.001 <0.0001
<24 497,304 2,028 4.06 419,295 1,931 4.58 78,009 97 1.24 2,729,717 5,858 2.14
25-29 100,402 437 4.33 85,444 422 4.91 14,958 15 1.00 600,746 1,381 2.29
30-39 197,667 912 4.59 168,980 865 5.09 28,687 47 1.64 839,907 1,995 2.37
40-72 100,116 871 8.62 87,255 837 9.50 12,861 34 2.64 431,492 1,151 2.66
Missing - - - - - - - - 2,052 5 2.43
Mean Age 2011 34.2 (9.6) 37.2 (11.3) <0.0001 34.4 (9.5) 37.2 (11.2) <0.0001 - 33.1 (9.7) 35.6 (12.0) <0.0001 - 27.2 28.0 -
Sex <0.0001 <0.0001 <0.01 <0.0001
Female 106,073 227 2.14 92,700 219 2.36 13,373 8 0.60 776,073 790 1.02
Male 789,416 4,021 5.07 668,274 3,836 5.71 121,142 185 1.52 3,827,798 9,600 2.50
Missing - - - - - - 43 - -
Race1 <0.0001 <0.0001 0.73 <0.0001
Hispanic 95,779 321 3.34 84,522 308 3.63 11,257 13 1.15 397,157 785 1.97
White, Non-Hispanic 544,167 2,795 5.11 463,072 2,673 5.74 81,095 112 1.38 3,428,740 7,741 2.25
Black, Non-Hispanic 121,958 547 4.47 108,985 528 4.82 12,973 19 1.46 779,664 1,883 2.41
Other, Non-Hispanic 35,661 139 3.88 30,529 131 4.27 5,132 8 1.56 189,618 316 1.66
Unknown 97,924 456 4.64 73,866 415 5.59 24,058 41 1.70 205,892 450 2.18
Marital Status 0.41 0.54 0.66 <0.0001
Married 399,569 1,920 4.78 341,560 1,840 5.36 58,009 80 1.38 1,507,356 3,659 2.42
Not Married 495,767 2,328 4.67 419,356 2,215 5.25 76,411 113 1.48 3,085,428 6,712 2.17
Missing 153 - - 58 - - 95 - - 11,130 19 1.70
Education <0.0001 <0.0001 0.09 <0.0001
< High School 13,798 64 4.62 10,535 59 5.57 3,263 5 1.53 34,401 102 2.96
High School 661,503 3,324 5.00 569,628 3,176 5.54 91,875 148 1.61 3,214,570 8,243 2.56
> High School 208,402 801 3.83 170,976 761 4.43 37,426 40 1.07 1,271,707 1,773 1.39
Missing 11,786 59 4.98 9,835 59 5.96 1,951 - - 83,236 272 3.26
Rank <0.0001 <0.0001 0.01 <0.0001
Enlisted 807,933 3,972 4.89 691,594 3,791 5.45 116,339 181 1.55 4,041,920 9,397 2.32













Table 2 VA and DOD unadjusted mortality rates by demographic and military service characteristics in OEF/OIF/OND Veterans, 2002-2011 (Continued)
Warrant Officer 9,610 37 3.84 8,076 36 4.44 1,534 1 0.65 45,240 103 2.27
Component
of Service
<0.01 <0.01 0.02 <0.0001
Active Duty 475,942 2,362 4.94 432,328 2,290 5.27 43,614 72 1.65 2,917,552 8,228 2.81
Reserve 160,752 675 4.18 124,747 640 5.10 36,005 35 0.97 776,676 946 1.22
National Guard 258,795 1,211 4.66 203,899 1,125 5.49 54,896 86 1.56 909,686 1,216 1.33
Branch of Service <0.0001 <0.01 0.93 <0.0001
Army 550,546 2,721 4.92 464,287 2,594 5.56 86,259 127 1.47 2,252,081 5,103 2.26
Air Force 112,082 491 4.36 95,141 467 4.88 16,941 24 1.41 931,130 1,738 1.86
Marines 115,876 517 4.44 101,593 496 4.86 14,283 21 1.47 559,467 1,493 2.66
Coast Guard 1,103 3 2.71 - - - - - - - - -
Navy 115,885 516 4.43 99,135 495 4.97 16,750 21 1.25 861,236 2,056 2.38













Table 3 Excess mortality in OEF/OIF/OND VA and DOD veterans compared to the US population, 2002–2011





















All 2.84 2.75-2.92 2.56 3.15 3.1-3.25 2.86 0.92 0.79-1.05 0.79 1.47 1.44-1.49 1.19
Age
<24 4.69 4.48-4.89 - 5.29 5.05-5.53 - 1.43 1.16-1.75 - 2.47 2.41-2.53 -
25-29 4.38 4.38 - 4.96 4.49-5.44 - 1.01 0.57-1.67 - 2.32 2.19-2.44 -
30-39 3.49 3.26-3.71 - 3.87 3.61-4.13 - 1.24 0.91-1.65 - 1.80 1.72-1.88 -
40-72 1.24 1.16-1.32 - 1.37 1.27-1.46 - 0.38 0.26-0.53 - 0.38 0.36-0.40 -
Sex
Female 2.15 1.87-2.43 2.05 2.36 2.05-2.67 2.24 0.64 0.28-1.26 0.66 1.10 1.02-1.18 0.94
Male 2.28 2.21-2.35 2.04 2.54 2.46-2.62 2.28 0.73 0.62-0.83 0.62 1.20 1.18-1.23 0.98
Race1
Hispanic 2.92 2.60-3.24 2.81 3.13 2.78-3.48 3.00 1.14 0.61-1.95 1.17 1.87 1.74-2.00 1.62
White, Non-Hispanic 3.36 3.23-3.48 2.77 3.75 3.61-3.89 3.11 0.96 0.78-1.14 0.75 1.09 1.07-1.12 0.82
Black, Non-Hispanic 1.55 1.42-1.68 1.60 1.64 1.50-1.78 1.72 0.62 0.37-0.97 0.57 2.33 2.22-2.43 2.39
Other, Non-Hispanic 4.01 3.34-4.67 3.98 4.31 3.58-5.05 4.40 1.85 0.80-3.65 1.23 1.56 1.39-1.73 0.95
Unknown 2.29 2.08-2.50 2.34 2.71 2.45-2.97 2.83 0.88 0.64-1.20 0.88 1.35 1.23-1.47 1.10
Indirectly Standardized Mortality Ratios (SMR) and Directly Standardized Relative Risks (DSRR).
1For DOD, race includes all ethnicities.
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gage in risky and dangerous behaviors such as speeding,
drinking and driving, and failure to wear seat belts [7].
Therefore, the elevated mortality at the youngest ages may
be attributable to risk-taking behaviors, which we know
are higher in this OEF/OIF/OND cohort than earlierTable 4 Excess mortality in OEF/OIF/OND VA veterans compa





All 2.08 2.02-2.15 2.03 2.34 2.2
Rank
Enlisted 2.15 2.08-2.21 2.08 2.39 2.3
Officer 1.51 1.32-1.70 1.40 1.82 1.5
Warrant Officer 0.90 0.63-1.23 1.04 1.05 0.7
Component of Service
Active 1.75 1.68-1.82 1.75 1.87 1.7
Guard 3.42 3.23-3.61 3.38 3.95 3.7
Reserve 3.36 3.11-3.61 3.46 4.04 3.7
Branch of Service
Air Force 2.32 2.11-2.52 2.11 2.60 2.3
Army 2.15 2.07-2.23 2.10 2.43 2.3
Marines 1.67 1.53-1.82 1.68 1.83 1.6
Navy 1.83 1.67-1.99 1.75 2.05 1.8
Indirectly Standardized Mortality Ratios (SMR), 2002-2011.military cohorts [24,25], while lower mortality at older
ages is associated with HSSE. We should also note that
over 50% of veterans in our study ended their final deploy-
ment in FY2007. Thus, our follow-up time was both censored
and varied. However, studies of Persian Gulf veterans with
similar follow-up times found a HSE [3].red to the DOD population
ers, (N=765,029) VA Non-Utilizers, (N=134,708)
% Confidence
terval
DSRR SMR 95% Confidence
interval
DSRR
6-2.41 2.28 0.63 0.55-0.72 0.62
1-2.46 2.31 0.69 0.59-0.79 0.67
8-2.05 1.68 0.33 0.17-0.60 0.33
4-1.46 1.17 0.14 0.00-0.78 0.26
9-1.94 1.87 0.59 0.52-0.82 0.59
2-4.18 3.94 1.24 0.99-1.53 1.28
3-4.36 4.24 0.82 0.57-1.13 0.8
6-2.83 2.38 0.75 0.48-1.12 0.58
3-2.52 2.37 0.65 0.54-0.77 0.65
7-1.99 1.84 0.55 0.34-0.85 0.56
7-2.23 1.97 0.52 0.32-0.79 0.47
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slight differences between men and women. Women had
no combat role so women should have had significantly
lower mortality than men consistent with the literature.
However, the lack of difference may be due to the fact that
without a front line on the battle field, anyone deployed to
Iraq or Afghanistan was at risk of assault or attack, even
those providing non-combat support [26,29].
Prior literature also showed the HWE was highest for
non-whites [5]. Our results indicate the HSE is strongest
for Non-Hispanic blacks but only in the VA non-utilizer
cohort. In contrast, Non-Hispanic Other groups had the
highest SMR in the VA-all and VA-utilizer cohorts, while
within DOD, the black SMR was the highest among all
races and shows two times the risk of mortality relative
to the US black population. While blacks have a greater
likelihood of being assigned to non-combat positions
[30,31] this would do little to reduce active duty mortal-
ity when anyone deployed in theater would be at risk for
assault [26,29]. However, long-term mortality might be
reduced if veterans were not exposed to direct combat
stress and the health conditions that stress creates.
The lack of an HSE in the DOD cohort might be due to
the method of selection into the military. Military en-
trance requirements may also have played a role in our
HSE outcomes, since entrance standards were relaxed to
meet service recruitment goals for the Afghanistan and
Iraq conflicts. Potential recruits who exceeded established
weight standards, [32] scored lower on military aptitude
examinations, had criminal and medical waivers, or lacked
high school diplomas were allowed to enlist. [33-35] The
lowering of education and testing standards is associated
with difficulties in training and subsequent poor work
performance [36], while lower education is consistently
associated with higher mortality [37].
Limitations
Several limitations are noted. First, the VA portion of this
data represents only those OEF/OIF/OND veterans who
have an existing relationship with VA. The VA enrollee
population is not representative of the entire OEF/OIF/
OND veteran population. Second, the potential for count-
ing deaths twice – once for the VA and once for DOD –
does exist, but we do not think this is a major issue as (1)
active duty soldiers, who represent the majority of those
who served in OEF/OIF/OND, would only transition to
the VA if they were discharged from DOD alive; (2)
Guard/Reserve forces were more likely to have been
discharged from active duty and then recalled to active
duty, which we attempted to control for by removing
combat-related deaths from both the numerator and
denominator in these analyses.
Third, we know very little about those who receive
care outside of the VA. Their mortality experience maybe very different. Fourth, our measure of death only re-
flects all-cause mortality. Future research will explicate the
cause of death and examine the predictors of mortality in
depth. This will be very important as we expand our
follow-up period, since with new medical technologies de-
signed to increase survival and decrease mortality in
wounded veterans, the implications for mortality in the
long-term may be quite different than in previous military
cohorts. Fifth, these data were cross-sectional in nature
and there was some variability in follow-up time. Future
research will control for the period of time in VA care.
Sixth, we recognize that a Healthy Warrior Effect (only
healthy soldiers are deployed to combat) may be obscuring
some mortality that we are attributing to OEF/OIF/OND
deployment. We hope to obtain VA data that will allow us
to determine who served in combat zones and who did
not as well as the number of deployments for each subject
so that we may control for different or repeated exposure.
Seventh, we also recognize that using the population at
risk rather than time at risk doesn’t allow us to control for
varying lengths of time at risk. Again, we do not have
these data from DOD and only very broadly from VA. To
date, these data have only been available through survey
research to us. We hope to identify administrative data re-
sources for this information from both DOD and VA so
that we can control for varying follow-up length. Eighth,
mortality follow-up differed for VA (through October
2011) and DOD (through December 2011), underestimat-
ing observed mortality gaps. Finally, we were limited in
our use of the DRS data, so some comparisons between
VA and DOD (i.e., race and ethnicity) were not possible.
Despite these limitations, the results presented here eluci-
date the HSE in a previously unstudied cohort of veterans.Conclusion
In summary, no HSE was evident in these cohorts of Iraq
and Afghanistan veterans for all-cause mortality. Overall,
the consistent and persistent military mortality advantage
has eroded in VA cohorts although is still evident by sex,
oldest age, and in some categories of race/ethnicity, but
only in the VA non-utilizing cohort. The HSE has been
eliminated overall in DOD, VA-all, and VA-utilizers but
still appears at the oldest ages (HSSE) for DOD and VA
non-utilizers. This HSE reversal may be due to repeated
and prolonged deployments, a strong reliance on Guard
and Reserve forces, and/or survival from injuries that
would have meant death in earlier conflicts. This research
highlights evidence that the OEF/OIF/OND military mor-
tality experience is more complex than first thought. A
modeling approach adjusting for covariates such as time
in service, SES, and combat or in-theater exposure would
provide insight into our results. Finally, examining specific
causes of death would yield clues to our finding of an
Bollinger et al. Population Health Metrics  (2015) 13:8 Page 11 of 12eroding military mortality advantage, which is important
to military workforce and VA planning.
Abbreviations
DMDC: Defense Manpower Data Center; DOD: Department of Defense;
DRS: Defense Manpower Data Center Report System; DSRR: Directly
Standardized Relative Risk; HSE: Healthy Soldier Effect; HSSE: Healthy
Soldier Survivor Effect; HWE: Healthy Worker Effect; OEF/OIF/
OND: Operation Enduring Freedom/Operation Iraqi Freedom/Operation
New Dawn; SMR: Standardized Mortality Ratio; US: United States;
VA: Veterans Administration.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MB, MJP, and SS contributed to the concept and design of the study, MB
and SS performed analysis. MB, JP, MJP, HP, and LC wrote the manuscript. JP,
MJP, HP, and LC revised the manuscript. All authors read and approved the
final manuscript.
Acknowledgments
This material is based upon work supported by the Department of Veterans
Affairs, Veterans Administration, Office of Research and Development, VA
Health Services Research and Development Service (DHI 09–237; Dr. MJ
Pugh PI). The funding agency had no role in data collection, analysis, or
manuscript development. The authors acknowledge and appreciate support
from the South Texas Veterans Health care System/ Audie L. Murphy
Division. The views expressed in this article are those of the authors and do
not necessarily represent the views of the Department of Veterans Affairs.
Author details
1South Texas Veterans Health Care System, 7400 Merton Minter Blvd,
San Antonio, Texas, USA. 2Department of Medicine, Division of Hospital
Medicine, University of Texas Health Science Center, San Antonio, Texas, USA.
3Department of Epidemiology and Biostatistics, University of Texas Health
Science Center, San Antonio, Texas, USA. 4Central Texas Veterans Health Care
System, Department of Veterans Affairs, 1901 Veterans Memorial Drive,
Temple, Texas 76504, USA. 5Center for Applied Health Research, Baylor Scott
& White Health, 2102 Birdcreek Drive, Temple, Texas 76502, USA.
Received: 30 July 2014 Accepted: 12 February 2015
References
1. Defense Manpower Data Center (DMDC) Reporting System (DRS). Active
Duty and Reserve Component Service Members Data. In Book Active Duty
and Reserve Component Service Members Data (Editor ed.^eds.). City; 2013.
2. Seltzer CC, Jablon S. Effects of selection on mortality. Am J Epidemiol.
1974;100:367–72.
3. Kang HK, Bullman TA. Mortality among U.S. veterans of the Persian Gulf War.
N Engl J Med. 1996;335:1498–504.
4. Howe GR. Components and modifiers of a “Healthy Worker Effect”: Evidence
from three occupational cohorts, and implications for industrial
compensation. In: Book Components and modifiers of a “Healthy Worker
Effect”: Evidence from three occupational cohorts, and implications for
industrial compensation (Editor ed.^eds.). City: Ministry of Labour of the
Government of Ontario; 1988. p. 40.
5. McMichael AJ. Standardized mortality ratios and the “healthy worker effect”:
Scratching beneath the surface. J Occup Med. 1976;18:165–8.
6. Li CY, Sung FC. A review of the healthy worker effect in occupational
epidemiology. Occup Med (Lond). 1999;49:225–9.
7. Kang HK, Bullman TA, Macfarlane GJ, Gray GC. Mortality among US and UK
veterans of the Persian Gulf War: a review. Occup Environ Med. 2002;59:794–9.
8. Knapik JJ, Marin RE, Grier TL, Jones BH. A systematic review of post-
deployment injury-related mortality among military personnel deployed to
conflict zones. BMC Public Health. 2009;9:231.
9. Waller M, McGuire AC. Changes over time in the “healthy soldier effect”.
Popul Health Metr. 2011;9:7.
10. Strand LA, Martinsen JI, Koefoed VF, Sommerfelt-Pettersen J, Grimsrud
TK. Cause-specific mortality and cancer incidence among 28,300 RoyalNorwegian Navy servicemen followed for more than 50 years. Scand
J Work Environ Health. 2011;37:307–15.
11. McBride D, Cox B, Broughton J, Tong D. The mortality and cancer
experience of New Zealand Vietnam war veterans: a cohort study.
BMJ Open. 2013;3:e003379.
12. Sikorski C, Emerson MA, Cowan DN, Niebuhr DW. Risk factors for medical
disability in U.S. enlisted Marines: fiscal years 2001 to 2009. Mil Med.
2012;177:128–34.
13. Niebuhr DW, Krampf RL, Mayo JA, Blandford CD, Levin LI, Cowan DN. Risk
factors for disability retirement among healthy adults joining the U.S.
Army. Mil Med. 2011;176:170–5.
14. Wilson J, Jones M, Fear NT, Hull L, Hotopf M, Wessely S, et al. Is previous
psychological health associated with the likelihood of Iraq war
Deployment? An investigation of the “Healthy Warrior Effect”.
Am J Epidemiol. 2009;169:1362–9.
15. Larson GE, Highfill-McRoy RM, Booth-Kewley S. Psychiatric diagnoses in
historic and contemporary military cohorts: combat deployment and the
healthy warrior effect. Am J Epidemiol. 2008;167:1269–76.
16. Waller M, Kanesarajah J, Zheng W, Dobson A. The Middle East Area of
Operations (MEAO) Mortality and Cancer Incidence Study. In: Book The
Middle East Area of Operations (MEAO) Mortality and Cancer Incidence
Study. (Editor ed.^eds.). City: The University of Queensland; 2013.
17. Haus-Cheymol R, Boussaud M, Jougla E, Verret C, Decam C, Pommier
De Santi V, et al. Mortality among active-duty male French Armed Forces,
2006-10. J Public Health (Oxf). 2012;34:454–61.
18. OEF/OIF/OND Roster. [http://www.virec.research.va.gov/OEF-OIF-OND-
Roster/Overview.htm]
19. VA Information Resource Center (VIREC). VIReC Data Investigation: Vital
Status File Date of Birth (DOB) and Sex Quality Review. In Book VIReC Data
Investigation: Vital Status File Date of Birth (DOB) and Sex Quality Review
(Editor ed.^eds.). City; 2011.
20. CDC Wonder. Underlying Cause of Death, 1999-2010. [http://wonder.cdc.
gov/controller/datarequest/D76]
21. Siegel J, Swanson D. The Methods and Materials of Demography.
San Diego: Elsevier Academic Press; 2004.
22. Boyle P, Parkin DM. Cancer Registration: Principles and Methods. In Book
Cancer Registration: Principles and Methods (Editor ed.^eds.), vol. IARC
Scientific Publication #95. City: World Health Organizaiton, International
Agency for Research on Cancer; 1991.
23. Miettinen OS. Standardization of risk ratios. Am J Epidemiol. 1972;96:383–8.
24. Barnes SM, Walter KH, Chard KM. Does a history of mild traumatic brain
injury increase suicide risk in veterans with PTSD? Rehabil Psychol.
2012;57:18–26.
25. Kaplan MS, Huguet N, McFarland BH, Newsom JT. Suicide among male
veterans: a prospective population-based study. J Epidemiol Community
Health. 2007;61:619–24.
26. Belmont PJ, Schoenfeld AJ, Goodman G. Epidemiology of combat wounds
in Operation Iraqi Freedom and Operation Enduring Freedom: orthopaedic
burden of disease. J Surg Orthop Adv. 2010;19:2–7.
27. Department of Veterans Affairs VHA, Assistant Deputy Under Secretary for
health for Policy and Planning. 2013 VA Enrollee Health Care Projection
Model, Base Year 2012. In Book 2013 VA Enrollee Health Care Projection
Model, Base Year 2012 (Editor ed.^eds.). City; 2013.
28. Burns CJ, Bodner KM, Jammer BL, Collins JJ, Swaen GM. The healthy worker
effect in US chemical industry workers. Occup Med (Lond). 2011;61:40–4.
29. Belmont Jr PJ, Goodman GP, Zacchilli M, Posner M, Evans C, Owens BD.
Incidence and epidemiology of combat injuries sustained during “the
surge” portion of operation Iraqi Freedom by a U.S. Army brigade
combat team. J Trauma. 2010;68:204–10.
30. Gifford B. Combat casualties and race: what can we learn from the
2003–2004 Iraq conflict? Armed Forces Soc. 2005;31:201–25.
31. Buzzell E, Preston S. Mortality of American Troops in the Iraq War. Popul
Dev Rev. 2007;33:555–66.
32. Cawley J, Maclean JC. Unfit for service: the implications of rising obesity for
US military recruitment. Health Econ. 2012;21:1348–66.
33. Inskeep S, Bowman T. Army Documents Show Lower Recruiting Standards.
In: Book Army Documents Show Lower Recruiting Standards (Editor ed.^eds.).
City: National Public Radio; 2008.
34. Unknown. Lower standards help Army meet recruiting goal. In Book Lower
standards help Army meet recruiting goal (Editor ed.^eds.). City: Gannett
Co. Inc.; 2006.
Bollinger et al. Population Health Metrics  (2015) 13:8 Page 12 of 1235. Singer M. Military Lowers Standards to Fill Ranks. In Book Military Lowers
Standards to Fill Ranks (Editor ed.^eds.). City; 2007.
36. Congressional Budget Office. The all-volunteer military: issues and performance.
In: Book The all-volunteer military: issues and performance (Editor ed.^eds.).
City: Congress of the United States; 2007.
37. Montez JK, Hummer RA, Hayward MD. Educational attainment and adult
mortality in the United States: a systematic analysis of functional form.
Demography. 2012;49:315–36.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
